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@ JIEERERER (UMM O) B 530007; @ HRAKTEZRS ARG IXEIE  MEE 746400

WE: EFRAFEERT MR, 85 EE A 0 AR BT I R, BT
BEZ R R4 . DU)I A% (Certhiatianquanensis) 2 75 J e J 2% i 4 L X 73 A5 (b R 1926, 7%
A DX, B R 6 & L AR B TR SR i 1, 5P AE K RE (Ailuropoda melanoleuca) 43
XAFAERS oy H . N i% 3 S 800 R AA B e 2% TEAE B DU R B 1A A7, 124 Fh EF 2021 4
WEF A E K G B R R AR . B RS T R #E A Sk B B B, EHAR E Hh]
RESZ 20T A AT PR RERS I AR B A AR o ORI )1 BEAR 2 A B2 B2 8 T RIFRY, &
WF TR FH A A o AT B RS 25 & D Re VAT S Hh BE SR 23 S BT O S s BE AT 7 Bom AN Shse ki 2, R
FURARR B AR AT T Ak KU IR O S RIS N BB . BB T
NBEY. FALBEPOR B, BRI X B XK ARSI ARE 5 A0 X 2 (82 o Hr R 8,
TY I FEA2E MR T AR 20 195 800 km?, it 26.9% KM B Z BI{RY, AR HIMEHRE L N
HRBEHL . DY) A A PN SR BEHAN 29 15 S - AR THIAR 1 18.7%, FERA S Hb B e A0 P 8 . K REAN ] 5K /A Il Pl
AR I ) 1A 26 AP S5 I 31 I )| AR 48 2 A S AR 8.4%, 1 HLARACH R O IX, XK
TR 2R 7 R REM I 5 A e AT A R A< B o SRTRT, DO )1 @A 48 9 120 AR A AT S8 i R
TR, AEARRAR MR o S o L G S Y
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protection effect on other species with similar distributions, thus promoting the conservation of species with
limited research. As an endemic bird on the southeastern edge of the Qinghai-Tibet Plateau in China, Sichuan
Treecreeper Certhia tianquanensis has a narrow territory with a strong preference for pristine high-elevation
coniferous forests, and part of its range coincides with that of Giant Pandas Ailuropoda melanoleuca. Loss of
pristine habitat due to human activities are threatening the survival of the Sichuan Treecreeper, leading to its
classification as a national Grade II wildlife species in 2021. Although the habitat selection of Sichuan
Treecreeper has not been well studied, its habitat may have ancillary protection from the flagship species,
Giant Pandas. [M ethods] In order to verify whether this ancillary protection effect is effective in maintaining
the core habitat of Sichuan Treecreeper, a species distribution model was applied, in conjunction with
functional habitat patch classification model, to predict and functionally classify its habitat. In addition, the
degree of overall habitat fragmentation was quantified. Five commonly used metrics, Patch number, Patch
density, Landscape shape index, Largest patch index and Correlation length were selected to measure the
degree of habitat fragmentation of Sichuan Treecreeper. In this study, habitat of Sichuan Treecreeper was
categorized into interior patches, small patches, transitional patches, edge patches, perforated patches, and
other patches of undetermined category. [Results] Overlay analysis of model predictions with protected areas
showed that Sichuan Treecreeper had a total potential distribution area of approximately 195 800 km?, with
26.9% of its habitat under protection, most of which belonged to the core patches. However, only about 18.7%
of the area belonged to the core range of Sichuan Treecreeper, indicating that the overall habitat was severely
fragmented (Fig. 1). The interior habitat mainly located in the central and northeastern parts of Sichuan
Province, the southern part of Gansu Province, and the southern part of Shaanxi Province in China. The high
density of patches indicated that the habitat of Sichuan Treecreeper suffered from anthropogenic disturbance
and poor connectivity. The environmental variable that contributed most to model construction was elevation
(22.6%), followed by warmest quarter precipitation (13.5%), driest quarter mean temperature (12.9%), and
vegetation cover type (11.0%) (Fig. 2). The potential habitat of Sichuan Treecreeper distributed near 2 500 m
a.s.l., mainly inhabiting closed evergreen coniferous forests and closed evergreen broadleaf forests close to
water sources. Sichuan Treecreeper prefers forests with steeper slopes and low human disturbance. Within a
certain range, the Sichuan Treecreeper has an optimal adaptation zone to climatic conditions, with no clear
preference for either slope aspect or forest cover. Among all the protected areas, the Giant Panda National
Park protected the largest area of Sichuan Treecreeper habitat, accounting for 8.4% of the total potential
distribution area (Table 1). [Conclusion] In conclusion, Sichuan Treecreeper received positive ancillary
protection effects from the Giant Panda National Park, in which the core distribution area was well covered.
However, the marginal fragmented habitat of Sichuan Treecreeper lacks adequate protection. According to the
protection gap analysis, the unprotected core habitat is located in the southern part of Gansu Province
(northeastern Diebu County). Detailed surveys of Sichuan Treecreeper are needed in this area to determine
whether it is the actual habitat of the Sichuan Treecreeper. For the planning of future conservation measures, it
is important to strengthen the restoration of connectivity in edge habitats, which is crucial for maintaining and
restoring the connectivity of its distribution range.

Key words: MaxEnt; Habitat fragmentation; Ancillary protection; Giant Panda National Park; Sichuan

Treecreeper
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TEARF (flagship species) &8 BA X4
AAERMERPR R, 8 AL M R 5
A DM AL 2 X AR 2 FEE R I ORTE (B
HESE 2023) o MMM IR R E X A
WERNREZ—, 2RPTERASERA
PRI 2 HAr GEE T 2018) « AL
B, PR T ER AR ORI SR BE TR AR Hb
R RV A3 AT ) AR T B = RIS R Fh iR A<
P YEH (Bennett et al. 2015) . W5t N FEE[E
F g H AR ORI XN AL A Fh BE 3TES (Grus
nigricollis) [FIfRH 115 1% 2 FPESF4 4 i) Fol
FEE B, SRR AR o0 T R
W2 EEAEH (Zhang et al. 2023) .

PY)Iljie K42 (Certhia tianquanensis) )&
T4 H (Passeriformes) it K % F} ( Certhiidae )
EARAEE CEN3E 2023) . HEl, &BEREAE
KRR SHILF 9 Fl 39 WA(GIll et al. 2024),
Ho 43 A 36 B T D BT g R #2 (C
familiaris) , J 32 W B, o E A6 L AL
KRNI AE AL (Palaearctic) X . FE4H L
VY NTRAAE () 73 AT XA, AL 75 78 e Jit
KGN . &M ER 20 40 90 FAA HIL
] & 25 X 2R S AR R, B e N RROTE.
EARZEMEA (C. f. tianquanensis) (Z=fE1E
1995) . JtJi5, Martens %5 (2002) AR#EMY
ARGy FHEM R, KMHS
KR AR #EAH Z R, 4 HAR T AMSZY M

DAAEREFE R I, DY )1 A g % Sk i 1
e Hs, ARG E L AR (P
P45 2005, Sunetal. 2009) , FRMIF K. iE
P I RIS NS B SRR 2 5 H B
TN (Martens et al. 2002) . T H o Am7EH
Mg HAW S 32 2] = g, DY )R 8 14E
2021 O AN IE R 2 H AR B A
H AT = 6 DY )1 A 28 B A AT S bR S50 17
i, I BB A XA ] g O P DR e it
oA X 5 8 4 K AR ( Ailuropoda
melanoleuca) A ATE S, KIDY)IeARE A e
ST R BER R A B P iy R 2k

PyFpE SA Y (ecological niche models)
(1) Al Rt A B 1 A M Fh DR 4P TAE B K
J&, R FTEL = B R o3 A XA T T, R A
il 5E B A B R PE ) R 38 i (Zhang et al.
20200 o Hr, BOREEYIF A (MaxEnt
model) H 2006 SEIT K LAKRAGE] 1T Z M,
TENEAR BB R @ PRI, e
TYMIAEAE SR, SR Hh T ) A A= 2
£ (Phillips et al. 2006) , & T /NdE £/ H
Porb T d s AR 7% (MeCune 2016,
Zhao et al. 2022) .

AEE AR P40 s AE G L b AT DAAE Ry
FRE ERE Al o fr i 2R Al (BRAH SCEE 2014) &
YRR S B B 2 BRAS Sh A T BT
T R S0 P 2 B AR 2R RS2 3, X sh A1)
ARG BT o DO ) TTEA 8 52 N KT P01 13
R e AR S DR 25 g e, AT JS H mT e T I
AR, E T H Ay O B AT N
FEAEFEE 2N (Fletcher et al. 2018) o AHFFT
I FH 53 A AR T D )1 o A 48 (1) 98 7E A9 5
H, R AR S EREAT . iR
A B AR ORGP DX AN ] 22 24 el 0 PO 1 A 8 1 £
Polias, FATVHE T VU)IHEAR )P B AR 5
R EAL KT, 7R BB AL Fa bm Al |
XPASFRIBEHR AT T ZhEe X 73 (Mohammadi
etal. 2021) . fx & 45 & & AN S 2 Of
PR B Ok A B DY )1 i R 2 H T S R B AL
w5, A B T B R B A i ) E St
Az

1 BAFE

11 WMo fsE

AW T 2005 A 2010 FEF IR L
R 11 A0 DY 1 BRA #2734 54 , H i Py A
ZMHMAE S E (Global Biodiversity
Information Facility, GBIF) & ZF1 28 &b 3Ciik
WEEIE AT A S R R Ak T 2022 4 6 H
20 H, {CRH 2000 ELLEREHE) , BEELL
1 km Bl s 8] 7R g /) R 9 0 Hafs 2 52 (8 1F
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ITMER, DARURERCHE 2 8] 3 T3 £ 1 i 2
[B) I AH DGR, 2k 4 R 0Lt S B0 R A Y A 2
B% (Ahmadi et al. 2023) . H&F—ZAFh 54 4L
¥ g B OH o osk (4250 hR,
www.tuxingis.com) X HHE i 1RS A7 B AT
I AR AE, EBRH T 5 S R EA
FFEEHE i B AT 20U )R 8 43 A o ri 3k
94 4b, 1ZE¥E R L MaxEnt B34 2 (1) 2514
(Hernandez et al. 2006) .
12 HREEEHL
BRI R 19 PP AR EEE 5 4Bk
O BCPE Sk VR T Worldelim 1.4 %4 3 2
(worldclim.org) , AZKTH 482 (Human
influence index) K13 E SEDAC ##5 $10»
(The Last of the Wild Project 2005) , 1%
R (land cover and land use) K& T
R} e 25 K AG B AH 78 B B R 4% &R
4% (Zhangetal. 2021) , WFFCIXILARME 5%
a1 35 E GLAD %(#z % (Hansen et al.
2013) o WHFLFFIAH ArcGIS 10.7 AR
FER I T T XS B S e s, AR AR
TR 25 B VT T XS SR AR AR K
WL A YRR IRPE B (Buclidean distance) .
WL ArcGIS 10.7 XA 8 70 HE R AT 4
—, FTEREHIELEA 1 km Mg 5 HE 2,
R4y ASCIL k3o 27 MR AR B 115 B
T B % 1
i PN AR B A3 B EAH G, B E
LM N 2w, KA IBM SPSS
Statistics 26 X Jr A M 4538 f k4T 2 B L2 VRS
55, dd A MR A A — DA B AT R )
77 Z K %0 (variance inflation factor, VIF)
5 P A & TE) B AH ¢ M R 2 (correlation
coefficients) , {XfREH VIF AN 5 HHA
EEFAAHSERE AT 08 HHEALE
(Brambilla et al. 2020) .
13 R
L5I I R PSS I8 5 QN CE T e S SN VA it
(MaxEnt 3.4.4 ) X VYA (98 75 573 A

X kA7 I, % B RSB {E (convergence
threshold) 4 107>, & AIEAKEL (maximum
number of iterations) A 500 {X (Lu et al. 2012) .
A BT b A RS IE 5 R AR i AE S dE
(Bias-corrected Akaike’s information criterion,
AICc) X #5281 Y5 {3 40 (regularization
multiplier) BT, 7F 0.2 & 2 (A& EHE
Ford, oV I AR A AT IR R 2, e H AICc
H B /N I RTE AL e Bl . A A S B IR R R
N & (Brambilla et al. 2020) .

REA 25 R Logistic HHiA%at, BAI4E
RIS A HEAE R 0 & 1 Y5 N AR A 1
A, 0 ARERAEZIX A P43 A (1) W] Ge
W/, 1 AL IRV & B S . SR
10 %538 X&FE (10-fold cross-validation) ff]
77 AR I 2 el Rk ATk s, RIS 10
K, UL 10 IREE MR IMEAE N A 45 R

(Flory etal. 2012, #/a7% 2021) . EHL 10%
WIZAF/EBI{E (10 percentile training presence
logistic threshold) {E ¥ A77E I i A1 PR 1)
{& (Brambilla et al. 2020) , X#¥7Hh i)1E B VENE
RIEEL AR5 A MG A, & E NS T
B XA R 73 0, ARRYIFAAEAE R X I,
M e T X — B ) X S Rl o 1, ARER DD )1
WA B AFAE XI5
14 HEEPRHY

K FH =T Rt A5 0 F g 25 Rk AT 2R G O
i, BFEZ A E TAERFE #h 28 Creceiver
operating characteristic, ROC) FHITIA! (area
under the curve, AUC) 1H. Kappa $&Z(fl1 FH 5K
F 9414850 (true skill statistics, TSS) . f#
FH 1093 (jackknife test) H6: 56 75 3435 K] - 76 45
B R DTERME A B EAR T, HErH DY) R
) ATi 3 B 5 AN [ PR R 2 1) g g 7 2

(Moreno et al. 2011) . —ff AUC fE KT 0.8
AR RL T 25 R R4, RI AT DUR] A A AL ik
1T F—43#1 (Pearce et al. 2000) . Kappa fi&
5 TSS Fa B TR e . AHIEFE R
H 10% I SR A1 BUE X PR AR 5 5 47 R
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57, 15 Kappa #8205 TSS F5%L (Cohen
1960, Allouche et al. 2006, Fitzpatrick et al.
2011) o —fIAN Kappa $%5 TSS $8%fE
0.6 ~ 0.8 fREBARILRLF, 0.8 ~ 1.0 Z AL
KRR, NT 0.4 MR R K
J (Thuiller et al. 2009) . Kappa 635 TSS
FBETH R1EFHITIHHE.
15 S HBEREAL 7 A

9T RGN )1 i R 28 iR S 1 Al 1 A 1
L, ABFFON GRS A0 X AT T 2 MRS
SIAT o BH TSR Z 0 T S R B B A AT
K2 5 fEEAR 4 (C. brachydactyla) 4™
BUEEES (Clergeau et al. 1997) , >4 300 ~ 8 000
mo ABFICIEFEE K S5 FMpeabs kA =D0)1 e
ARG S ARE, RIBEHEi & (patch
number, NP) . JEHR# & (patch density, PD) .
ST AR 48 20 (landscape shape index, LSDD «
B RBIHLFE %L (largest patch index, LPI) FlAH
KK (correlation length, CL) (Mohammadi
etal. 2021) o HIT2PEHRN 1 km #iHs, Fit
BEREAL A BT 48 A 1000 my 2 000 m. 4 000 m
A8 000 m 1EAY BUE &  F8 80T HAE Fragstats
4.2.1 kAT,

it — 21X 43 DY DT A 48 (R S5t Dy e
DY, FFRFAS [FFE FE AR (A S M B g AT 23
75, BT DA [RIBEEAE AP 5 i i 211
Dhae AT 028, vt S e R/ NEURE T T
(R DY ) T A 72 3 B 70 A1 WA BT o b (P A
— XA B S EHURE T R A 12 % B
N A AH AT RS S R BT B BB (P
(Riitters et al. 2000) . CATHHE PR32 P
PeeAE bR HE, X5 DU A AL (1 73 AT X 64T D g

¥4y, X (1) Pp= 1.0 A XN N EBES
(interior) ; (20 Pr< 0.4 19 X35 Ao ml e B B
(patch) ; (3) 0.4 < P;<0.6 [ Xk hyid I

PEHL (transitional) ; (4) P; = 0.6 H P>
P I X AL B (edge) 5 (5) Py = 0.6
H P < Pe I X 3N 28 FLBEIR (perforated) ;
(6) P> 0.6 H Py = P [ XA & LB

(undetermined) . VA 28 T/E7E MATLAB

R2021A H 58, H¥ 45 R4y ASCI SCAF,
BRSO TEDY e IGTE AR X BB THH
S T A% 23 2 25 SR AR S b B it B AreGIS
10.7 FEATATARAL

2 4R

21 HEIPPH

TERYRE g o PRI AS B AT TR, AR
RE T 8 MAMEEYE, WIHERIEZEHHME
(mean diurnal range, BIO2) . BRI Z5F
iz A (isothermality, BIO3) . HiRZEfE T
YJiRE (mean temperature of wettest quarter,
BIO8) . & T"ZE PR E (mean temperature
of driest quarter, BIO9) . & T H F§ /K
(precipitation of driest month, BIO14) . /K
ARk H 7 (precipitation seasonality, BIO15)
B g 2= [ 7K (precipitation of warmest quarter,
BIO18) Fll ¥4 Z= [ [% 7K (precipitation of coldest
quarter, BIO19) , PARfEdR. B2 Hin).
NEFHAEE (HID | 78 #5258 (land use
and land cover, LULC) . EEFR#K (forest) .
K5 Cwater) K ICEER B DA S AR ARTE 75 5 (tree
cover) o HZNGLLLE 16 FIAEEAREGIADY)I
AL B H 7 E 0 AT XA A M 2

SRR, B DR DO ) e A 2 B3 TE
oA XEEAT TR, BRAL AUC fH 0.991 +
0.003, KPRMELIRL, JH Kappa H N
0.727, TSS 1HA 0.892, Zi&SHR I
wEE R T . BRI E R H
0.306. B3 Hr 27, DU JHEAEE (198 E AT 5
iy 73 A T3 B T R e iR AR AL M 2R [X
BLFEH IR A FE . Bl v w0 Y 114 o
B ARAGHS, A ST AL L0 195 800 km®
(K 12) &
22 BBGERMT

TS ERIA AT 1 PR R AR AR A
oTEk (B 2D, DTk R e A AR = N
K (22.6%) » HUCBREZFEREK (13.5%)
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Fig. 1 Potential distribution, protection gaps and habitat fragmentation of Certhia tianquanensis

a. VUJIBEREIBEN BHE B b, PU)INBERE BN BHZ Y EO; oo WINRAREEEN S B T 2h 58 d S-S HhBE
BT SR, Bt o B—8 JRESRE T E bR B RS (211.159.153.75) , #HEYS GS (2023) 2767 5.

a. Potential distribution of Sichuan Treecreeper; b. Conservation status of Sichuan Treecreeper; c. Functional classification of potential habitat

fragmentation patches of Sichuan Treecreeper; d. Proportions of different patches where the color matches with c¢. Base map from China Standard

Map Service (211.159.153.75), review number: GS(2023)2767.
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Fig. 2 Reaction of species occurrence probability to each environmental variable and

the contribution of each variable in model building

a~p. ISR AT P SR, RIS DY) EAR A AL TG BUAR R p P, AR 5387 1 ~ 6 70 T I AT kBT i AR
HSPAHE aR BRI AR, B AP AR bR BB AL, RS R R RIE B (0.027 4) , AREAEE I ITEARERALT,
BEAE— B q. RBERR A S R0 B T DR

a - p. Reaction of Sichuan Treecreeper occurrence probability to each environmental variable. Land cover type (1 - 6) stands for Closed evergreen
needle-leaved forest, Closed evergreen broadleaved forest, Grassland, Closed deciduous broadleaved forest, Irrigated cropland and other types.
Other types are not explicit here because of their low suitability for Sichuan Treecreeper (0.027 4); q. Contribution of each variable in model
building. BIO2. Mean diurnal range; BIO3. Isothermality; BIO8. Mean temperature of wettest quarter; BIO9. Mean temperature of driest quarter;
BIO14. Precipitation of driest month; BIO15. Precipitation seasonality; BIO18. Precipitation of warmest quarter; BIO19. Precipitation of coldest

quarter; HII. Human influence index; LULC. Land use and land cover; Forest. Distance to forest; Water. Distance to water
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F1 G )IEAERSIERRD 800 km’ I BRARF XMER AR L

Tablel Major naturereservesand nation parksthat protect habitat of Certhia tianquanensis covering over 800 km?

RAPHB LB () (RPHEB) (%)
£ 7% Name (km?) Interior area Proportion of
Area protected protected habitat protected

KAEME 5 22 [l Giant Panda National Park” 16 467.43 9194.20 8.4
Hf FKITE R 2 A 28/ X Baishuijiang National Natural Reserve, Gansu 2197.55 1089.33 1.1
VU1 B IR 1 2R % AR 174 X Wolong National Natural Reserve, Sichuan 1 690.64 756.11 0.9
H A S 2 E SR -7 X Chagangliang Provincial Natural Reserve, Gansu 1385.74 388.91 0.7
DU DTAT & 48 2% 2R -9 [X. Gonggangling Provincial Natural Reserve, Sichuan 1330.04 85.90 0.7
Hlt TR 48 2 5 S8R9 [X. Bailongjiang Axia Provincial Natural Reserve, Gansu 993.99 3.78 0.5
PO K 2 48 2% B 4R -4 [X. Miyaluo Provincial Natural Reserve, Sichuan 968.51 32.09 0.5
H ki [ 5 2% 5 SR {97 [X. Taohe National Natural Reserve, Gansu 880.72 0.00 0.4
DU )10 R EL 27 1 SR 4537 [X. Baozuo Prefectural Natural Reserve, Sichuan 831.63 39.65 0.4
VU115 5 TR 5% 2% 1 SR 6747 [X. Xuebaoding National Natural Reserve, Sichuan 823.14 488.03 0.4

* R RB M FE 5 el 6 5 H M R 7R R R 2 A R DR TG 1 ik [ 2% 20 AR R 47 DX B DR 2 X 3k % DU 1A (S 3 T i 23 2

o A P PR D S AR T TR o

* Baishuijiang National Natural Reserve and Wolong National Natural Reserve are parts of the Giant Panda National Park. ** Area of

protected interior habitat of Sichuan Treecreeper.

R 2 TU)IUBEAREM DB HTEE R

Table2 Habitat fragmentation analysis of Certhia tianquanensis
PHEEE (km) KPR PR (4/hm) R SOMEIERIES MRVEREE (m)
Dispersal distance Patch number Patch density (patch/hm?) Largest patch index ~ Landscape shape index  Correlation length
1 713 0.003 2 80.86 27.59 207 005.09
2 474 0.001 8 81.00 22.13 219 834.47
4 229 0.000 7 78.05 14.70 225 635.00
8 105 0.000 2 76.35 10.14 234 661.88
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Appendix 1 Environmental variables

AZ 4 Name A 515 B Description A Unit
BIO1 4 ¥4 Annual mean temperature C
BIO2 B 2 A %118 Mean diurnal range [mean of monthly (max temp - min temp)] T
BIO3 BRI 2 5 AR 22 LA Tsothermality [(BIO2 / BIO7) x 100] T NA
BIO4 Z=F5 kiR FE A2 4k Temperature seasonality (standard deviation x 100) T
BIOS e #4 H 5 i Max temperature of warmest month T
BIOG6 % H ik Min temperature of coldest month C
BIO7 SRR E AL Y5 H Temperature annual range (BIOS - BIO6) C
BIOS IR 2R U FE Mean temperature of wettest quarter T
BIO9 I T2 P41 Mean temperature of driest quarter T
BIO10 IR 2R P 2415 Mean temperature of warmest quarter T
BIOI1 A 2L 241 Mean temperature of coldest quarter C
BIO12 HEFI4)[% 7K Annual precipitation T
BIO13 #¥% H F#7K Precipitation of wettest month mm
BIO14 5T A B%7K Precipitation of driest month mm
BIO15 [% 7K A2 4k J7 % Precipitation seasonality (coefficient of variation) mm
BIO16 2R %K Precipitation of wettest quarter mm
BIO17 i T2 W & Precipitation of driest quarter mm
BIO18 %2 % %7K Precipitation of warmest quarter mm
BIO19 A2 %K Precipitation of coldest quarter mm
Elevation K Elevation m
Aspect I H] Aspect °
Slope i FE Slope °
LULC 4% F) H1 25 Land us and land cover JE NA
Water /K44 B Distance to water m
Forest PR AR AKEE B Distance to forest m
Tree cover PR T 2 Percentage of tree cover %

HII ANZETH 8 %5 Human influence index I NA




